REMARKS 

The Examiner's Action mailed on March 6, 2003 has been received and its 
contents carefully considered. 

In this Amendment, applicants have editorially amended the specification (by way 
of an attached substitute specification containing no new matter), amended claims 1-12 
and added claims 13-28. Claims 1-28 are pending in the application. Claims 1, 7, 13, 17, 
21 and 25 are the independent claims. Reexamination and reconsideration of the 
amended application respectfully is requested. For at least the following reasons, it is 
submitted that this application is in condition for allowance. 

The Examiner has rejected claims 1 and 7 under 35 USC 102(b) as being 
anticipated by Lee. In response thereto, claims 1 and 7 have been amended. It is 
submitted that amended claims 1 and 7 are clearly patentable over Lee. 

As specified in amended independent claims 1 and 7, a feature of the present 
invention is that both a transmitting (Tx) phase-rotating line and a receiving (Rx) phase- 
rotating line are formed on the same piezoelectric substrate. According to this feature, 
while keeping the frequency characteristics constant, it is possible to change or adjust 
only the phase. That is, the term "phase-rotating line" has been utilized in the amended 
claims in order to emphasize that only the phase is adjusted, without any change in 
frequency characteristics (the signal amplitude as a function of frequency). Further, and 
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as described in the specification, the device, including the SAW duplexer and portable 
communication device, can be designed to be small in size. 

According to Lee, USP #5,864,260, as shown in Fig. 3, transmitting resonator 
120, receiving resonator 160, microstrip line 130 and bandpass filter 150 are formed on 
the same piezoelectric substrate. However, Lee does not describe or suggest that 
microstrip lines connected to the transmitting resonator 120 and to the receiving resonator 
160, respectively, are formed on the same piezoelectric substrate. The microstrip line 130 
corresponds to the phase-rotating line in applicants' invention. In order to adjust the 
phase without changing the frequency characteristics, the receiving resonator 160 also is 
required to be connected to a microstrip line. However, according to Lee, the receiving 
resonator 160 is connected only to a bandpass filter 1 50 but not to a microstrip line. 

Therefore claims amended claims 1 and 7 clearly are not anticipated or even 
suggested by Lee. The rejection accordingly should be withdrawn. 

The Examiner also has rejected claims 1, 5-7, 1 1 and 12 under 35 USC 103(a) as 
being unpatentable over Watanabe et al. in view of Onishi et al. Claims 1 and 7 have 
been amended, and it is submitted that the rejection is inapplicable to the amended claims 
and claims depending therefrom. 

Watanabe et al. describes that a transmission SAW filter 10 and a transmitting T- 
type circuit 6 are formed on the same substrate, and a receiving SAW filter 7 and a 
receiving T-type circuit 6 are formed on the same substrate. A phase-rotating line 
according to the present invention corresponds to a branch circuit 2, which is formed 
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outside the substrate, but does not correspond to the T-type circuit 6. According to 
Watanabe et a/., the T-type circuit 6 includes a SAW resonator and changes not only the 
phase, but also frequency characteristics. In other words, the T-type circuit 6 is mainly 
used to change the frequency characteristics. Onishi et al fails to teach the features of the 
claimed invention missing from Watanabe el al. For that reason, the present invention is 
neither shown, suggested or obvious from any combination of the discloses of Watanabe 
et al. and Onishi et al Amended claims 1, 5-7, 1 1 and 12 therefore are clearly patentable 
over these cited references. The rejection accordingly should be withdrawn. 

Applicants have added further claims 13-28, which recites features that are neither 
disclosed nor suggested by the cited references. These claims therefore are deemed to be 
clearly patentable over the prior art of record. As described in new independent claims 
13, 17, 21 and 25, another feature of the present invention is that a receiving branching 
circuit or a transmitting branching circuit has a plurality of branching lines coupled in 
parallel with each other. According to this feature, the device including SAW duplexer 
and portable communication device can be designed to be small in size, as described in 
the specification. In addition, the phase can be adjusted easily on a branching circuit even 
after the branching circuit is formed on the piezoelectric substrate. 

The feature claimed in new independent claims 13, 17, 21 and 25 is not taught or 
suggested any of Lee, Watanabe et al, Onishi et al. and Ikata et al. Ikata et al merely 
describe that discrete adjustment patterns 41al - 41a5 are formed on a multi-layer 
ceramic package 32 to change the length of a phase-matching circuit pattern 37a. This is 
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completely different from the feature of the present invention defined in the new claims 
13, 17, 21 and 25, in which a receiving branching circuit or a transmitting branching 
circuit has a plurality of branching lines coupled in parallel with each other. Claims 13- 
28 therefore also are deemed to be clearly patentable over the cited prior art. 

It therefore is submitted that this application is in condition for allowance and 
such a Notice, with allowed claims 1-28, earnestly is solicited. 

Should the Examiner feel that a conference would help to expedite the 
prosecution of the application, the Examiner is hereby invited to contact the undersigned 
counsel to arrange for such a conference. 

Respectfully submitted 

,/V, 

Steven M. Rabin 
Registration No. 29,102 
RABIN & BERDO, PC 
Telephone: 202-371-8976 
Facsimile: 202-408-0924 
Customer No. 23995 

SMR/pjl 



July 31. 2003 
Date 
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MARKED SUBSTITUTE SPECIFICATION 
SURFACE ACOUSTIC WAVE DUPLEXERAND 
PORTABLE COMMUNICATION DEVICE USING THE SAME 



TECHNICAL FIELD OF THE INVENTION 

The present invention generally relates to surface acoustic wave 
(SAW) duplexers, and more particularly to, SAW duplexefrs us^d in 

portable terminals, such as mobile telephones. : . n O 

; i « i 

, CO '--J 

BACKGROUND OF THE INVENTION r ps f n 

Recently, there is a demand to manufacture portable terminals 

i g 

that is are smaller in size and lighter in weight, especially for mobile 
phones. Under such situation For example , SAW devices have been 
employed in portable terminals. Such SAW duplexers have come into 
practical use for 800 MHz band of mobile communication, and are 
desired to be used for 2GHz band communication too. It is required that 
a SAW duplexer has a high level attenuation in an attenuation band. 

A conventional SAW duplexer includes a transmitting filter, a 
receiving filter and a branching circuit (branching line). The 
transmitting filter and receiving filter are applied with 1 to 2 watt and 1 
watt of electric power, respectively. Therefore, the transmitting filter 
and receiving filter are required to have a power-resistance 
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characteristic. The transmitting filter is composed of four-section T-type 
filter, having a polarized polarization characteristic. The receiving filter 
is composed of six-section k ladder-type filter, h aving polarized a 
polarization characteristic. 

According to the aboveidescribed conventional SAW duplexer, the 
receiving filter is influenced by impedance of the transmitting filter 
especially in ^transmitting band of 1920-1980 MHz and a receiving 
band of 2110-2170 MHz. As a result, it is difficult to make the receiving 
filter so as to have an insertion loss within a predetermined allowable 
standard range. 

Further, according to the conventional SAW duplexer, the 
transmitting filter and receiving filter are mounted in a multi-layered 
substrate package. As a result, it is almost impossible after fabrication 
to adjust or control characteristics of the transmitting filter and 
receiving filter, including insertion loss and coupling between adjacent 
transmitting lines. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a 
SAW duplexer in which characteristics can be remarkably improved. 

Additional objects, advantages and novel features of the present 
invention will be set forth in part in the description that follows, and in 
part will become apparent to those skilled in the art upon examination 
of the following or may be learned by practice of the invention. The 
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objects and advantages of the invention may be realized and attained by 
means of the instrumentalities and combinations particularly pointed 
out in the appended claims. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, a surface 
acoustic wave duplexer includes a piezoelectric substrate; a 
transmitting filter formed on the piezoelectric substrate; a receiving 
filter formed on the piezoelectric substrate; a transmitting (Tx) 
branching line formed on the piezoelectric substrate; and a receiving 
(Rx) branching line formed on the piezoelectric substrate. 

According to a second aspect of the present invention, a portable 
communication device includes an antenna[[;]L a power amplifier[[;]L 
and a surface acoustic wave duplexer. The surface acoustic wave 
duplexer includes (l) a piezoelectric substrate; (2) a transmitting fdter 
which is formed on the piezoelectric substrate and is connected to the 
power amplifier; (3) a receiving filter which is formed on the 
piezoelectric substrate; (4) a transmitting (Tx) branching line which is 
formed on the piezoelectric substrate and is connected between the 
antenna and transmitting filter; and (5) a receiving (Rx) branching line 
which is formed on the piezoelectric substrate and is connected between 
the antenna and receiving filter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a conventional SAW duplexer. 

Fig. 2 is a block diagram illustrating a SAW duplexer according to 
a first preferred embodiment of the present invention. 

Fig. 3 is a circuit diagram showing a transmitting filter used in 
the SAW duplexer according to the first preferred embodiment^,]] 
shown in Fig. 2. 

Fig. 4 is a circuit diagram showing a receiving filter used in the 
SAW duplexer according to the first preferred embodiment [[,]] shown in 
Fig. 2. 

Fig. 5 is a diagram showing communication band distribution for 
the SAW duplexer according to the first preferred embodiment!!,]] 
shown in Fig. 2. 

Fig. 6 is a block diagram illustrating the SAW duplexer operating 
in a transmitting mode according to the first preferred embodiment!!,]] 
shown in Fig. 2. 

Fig. 7 is a block diagram illustrating the SAW duplexer operating 
in a receiving mode according to the first preferred embodiment!!,]] 
shown in Fig. 2. 

Fig. 8 is a table showing the specification of the transmitting filter 
used in the SAW duplexer according to the first preferred 
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embodiment!!,]] shown in Fig. 2. 

Fig. 9 is a table showing the specification of the transmitting filter 
used in the SAW duplexer according to the first preferred 
embodiment^,]] shown in Fig. 2. 

Fig. 10 is a table showing characteristics of the conventional SAW 
duplexer, shown in Fig. 1, and the SAW duplexer according to the first 
preferred embodiment[[J]shown in Fig. 2. 

Fig. 11 is a schematic diagram showing the SAW duplexer 
according to the first preferred embodiment, shown in Fig. 2. 

Fig. 12 is a schematic diagram showing an adjusting part of a Tx- 
branching line, which can be changed in length, used in the SAW 
duplexer according to the first preferred embodiment [[,]] shown in Figs. 
2 and 11. 

Fig. 13 is a schematic diagram showing an actual design of the 
SAW duplexer according to the first preferred embodiment [[,]] shown in 
Figs. 2 and 11. 

Fig. 14 is a block diagram illustrating a SAW duplexer according 
to a second preferred embodiment of the present invention. 

Fig. 15 is a schematic diagram showing the SAW duplexer 
according to the second preferred embodiment, shown in Fig. 14. 

Fig. 16 is a table showing characteristics of the conventional SAW 
dup lexer [[,]] shown in Fig. 1, and the SAW dup lexers according to the 
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first and second preferred embodiments. 

Fig. 17 is a table showing characteristics of the conventional SAW 
dup lexer [[,]]shown in Fig. 1, and the SAW dup lexers according to the 
second preferred embodiment, shown in Figs. 14 and 15. 

Fig. 18 is a table showing specific resistances of the metals ef Au, 

Al, 

[[P]]platinum, [[T]] tungsten and [[T]] titanium,, relative to Cu. 

Fig. 19 is a table showing specification of inductors for branching 
lines used in the SAW duplexers according to the second preferred 
embodiment!!,]] shown in Figs. 14 and 15. 

Fig. 20 is a schematic diagram showing an actual design of the 
SAW duplexer according to the second preferred embodiment!!,]] shown 
in Figs. 14 and 15. 

Fig. 21 is a block diagram illustrating a SAW duplexer according 
to a third preferred embodiment of the present invention. 

DETAILED DISCLOSURE OF THE INVENTION 

In the following detailed description of the preferred embodiments, 
reference is made to the accompanying drawings which form a part 
hereof, and in which is shown by way of illustration specific preferred 
embodiments in which the inventions may be practiced. These 
preferred embodiments are described in sufficient detail to enable those 
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skilled in the art to practice the invention, and it is to be understood 
that other preferred embodiments may be utilized and that logical, 
mechanical and electrical changes may be made without departing from 
the spirit and scope of the present inventions. The following detailed 
description is, therefore, not to be taken in a limiting sense, and scope of 
the present inventions is defined only by the appended claims. 

For better understanding of the present invention, a conventional 
technology is first described. Fig. 1 is a block diagram illustrating a 
conventional SAW duplexer, which includes a transmitting filter 100, a 
receiving filter 110 and a branching circuit (branching line) 120. The 
transmitting filter is connected between a terminal 101 and an antenna 
terminal 80, the latter connected to an antenna 90. The branching 
circuit 120 is connected between the antenna terminal 80 and receiving 
filter 110. The terminal 101 is connected to a power amplifier 150, 
which is a final part of a radio frequency (RF) circuit in a mobile phone. 

The transmitting filter 100 and receiving filter 110 are applied 
supplied with 1~2 watt and 1 watt of electric power, respectively. 
Therefore, the transmitting filter 100 and receiving filter 110 are 
required to have power-resistance characteristic. The transmitting 
filter 100 is composed of a four-section T-type filter, having a po lari ze d 
polarization characteristic. The receiving filter 110 is composed of a six- 
section 7i ladder-type filter, also having a polarized polarization 
characteristic. 

According to the aboveidescribed conventional SAW duplexer[[,]] 
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shown in Fig. 1, the receiving filter 110 is influenced by the impedance 
of the transmitting filter 100 especially in a transmitting band of 1920- 
1980 MHz and a receiving band of 2110-2170 MHz. As a result, it is 
difficult to mak e limit the receiving filter 110 to have an insertion loss 
within a predetermined allowable standard range. 

Further, according to the conventional SAW duplexer, the 
transmitting filter 100 and receiving filter 110 are contained in a multi- 
layered substrate package. As a result, it is impossible to adjust or 
control characteristics of the transmitting filter 100 and receiving filter 
110, including insertion loss and coupling between adjacent 
transmitting lines. 

First Preferred Embodiment 

Fig. 2 is a block diagram illustrating a SAW duplexer according to 
a first preferred embodiment of the present invention. The SAW 
duplexer includes a transmitting filter 801, a receiving filter 810, a Tx- 
branching circuit (branching line) 825 (which rotates (adjusts ) the 
reflected signal phase at the junction, and an Rx-branching circuit 
(branching line) 820 (which likewise rotates (adjusts) the reflected 
signal phase at the junction) . Fig. 2 shows not only the SAW duplexes 
but also the other components of a mobile terminal. The transmitting 
filter is connected between the Tx-branching circuit 825 and a terminal 

802, which is connected to a power amplifier 830. The receiving filter 
810 is connected between the Rx-branching circuit 820 and a terminal 

803. The Tx-branching circuit 825 and the Rx-branching circuit 820 are 
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connected to an antenna terminal 800, the latter connected to an 
antenna 850. The SAW duplexer (801, 810, 820 and 825) is formed on a 
piezoelectric substrate. 

Figs. 3 and 4 are circuit diagrams showing the transmitting filter 
801 and receiving filter 810, respectively. The transmitting filter 801 is 
of a four-section T type and polarized type, including resonators 200-202, 
210 and 211. For each resonator, characteristics of cross:length[[;]] A 
logarithm and resonance frequency are shown in Fig. 8. The receiving 
filter 810 is of a six-section k ladder type, including resonators 301-303, 
and 310-313. For each resonator, characteristics of crossvlength; 
logarithm and resonance frequency are shown in Fig. 9. 

Fig. 6 is a block diagram illustrating the SAW duplexer operating 

in a transmitting mode according to the first preferred embodiment, 
shown in Fig. 2. In a transmitting mode, the power amplifier 830 
supplies a transmitting power signal Pin(Tx) 8021 to an input terminal 
of the transmitting filter 801. The inputted power signal is transmitted 
through the transmitting filter 801 and Tx-branching line 825, and then, 
the signal is transmitted from the antenna 850. In this case, the Rx 
branching line 820, receiving filter 810 and antenna 850 form a load 
circuit defining a load (impadence) Zl(Tx), which is calculated by the 
following equation (l)" 



ZiXTx) = (Zin(ANT)*Zm(Rx-branch) / (Zin(ANT)+Zin(Rx-branch) (l) 
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Input impedance of the receiving filter 810 in the transmission 
band is approximated te at zero. The length of the Rx-branching line 
820 (and therefore the phase o f si gnal at the junction of branching of the 
branching lines 820 of 825) is adjusted so that input impedance Zin(Rx) 
8102 of the Rx-branching line 820 is approximated to the infinite. 
Generally, the line length of the Rx-branching line 820 is X I A. In this 
case, Zl(Tx) is calculated by the following equation (2), which shows that 
a load of the transmitting filter 801 is equal to input impedance of the 
antenna 850* 



According to another aspect, input impedance Zin(Rx) 8102 of the 
Rx-branching line 820 is not approximated to the infinite, but the length 
of the Rx-branching line 820 is determined so as to reduce loss of the 
transmitting filter 801. The impedance Zin(Rx-branch) 8102 is 
determined so that the load circuit with load Zl(Tx) meets the following 
equation (3)" 



ZiXTx) = Zin(ANT) 



(2) 



Zl(Tx) - 50 (OHM) 



(3) 
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Fig. 7 is a block diagram illustrating the SAW duplexer operating 
in a transmitting mode according to the first preferred embodiment, 
shown in Fig. 2. In a receiving mode, an input power Pin(Rx) 8021 is 
received at the antenna 850 and is supplied to the antenna terminal 800. 
In this case, driving impedance Zd(Rx) of the receiving filter 810 is 
calculated by the following equation (4)" 

Zn(Rx) = (Zin(ANT)*Zin(Tx-branch) / (Zin(ANT)+Zin(Txbranch) (4) 

As well as the case shown in Fig. 6, input impedance of Zin(Tx- 
branch) 8251 in the receiving band is approximated to infinite. The 
driving impedance Zd(Rx) for Rx-branching circuit 820 and receiving 
filter 810 is calculated by the following equation (5)" 

Zd(Rx) = Zin(ANT) (5) 

In this case, the impedance of the antenna 850 becomes the 
driving impedance Zd(Rx), so that characteristics of the receiving filter 
810 may be changed. In order to avoid such change of characteristics of 
the receiving filter 810, the driving impedance Zd(Rx) should be 
determined as follows- 
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Zd(Rx) - 50(OHM) (6) 

Fig. 8 is a table showing the specification of the transmitting filter 
801. In the table, cross-length, logarithm and resonance frequency is 
are described for each resonator. 

Fig. 9 is a table showing the specification of the receiving filter 810. 
In the table, cross-length, logarithm and resonance frequency is are 
described for each resonator. 

Fig. 10 is a table showing characteristics of the conventional SAW 
duplexer[[,]] shown in Fig. 1, and the SAW duplexer according to the 
first preferred embodiment!!,]] shown in Fig. 2. The characteristics of 
transmitting filters are the same as between the conventional SAW 
duplexer and first preferred embodiment. As for the receiving filters, 
insertion loss is decreased from 3.10(dB) for the conventional SAW 
duplexer to 2.33(dB) for the first preferred embodiment. 

Fig. 11 is a schematic diagram showing the SAW duplexer 
according to the first preferred embodiment!!,]] shown in Fig. 2, in 
which the Tx-branching line 825 and Rx-branching line 820 are formed 
on a piezoelectric substrate 501 together with the receiving filter 810. 
The piezoelectric substrate 501 is formed to have a substrate- thickness 
of 0.35mm, a film -thickness of 0.4/; m, a dielectric constant of forty-four 
and a frequency of 2GHz. Under such conditions, the Tx-branching line 



MARKED SUBSTITUTE SPECIFICATION 12 



(10/015,606) 



Attorney Docket IIZ 132 



825 and Rx-branching line 820 are formed to have lengths of 8.75mm 
and 5.65mm, as shown in Fig. 10. 

Each of the Tx-branching line 825 and Rx-branching line 820 is 
formed to have a width of 0.042mm. According to the first preferred 
embodiment, the Tx-branching line 825 and Rx-bi^anching line 820 are 
formed on a piezoelectric substrate, so that connecting lines can be 
shorter. As a result, characteristics of the device are not easily 
deteriorated. As compared to the conventional SAW duplexer, a 
piezoelectric substrate has a dielectric constant of forty-four 44 (44), 
while a multi-layered substrate has a dielectric constant of 5.7; and 
therefore, the branching line 820 can use a X I A line having a length 
1/2.77 relative to a branching line used in the conventional SAW 
duplexer, which is a multi-layered type. 

According to the conventional SAW duplexer, shown in Fig. 1, the 
branching line is formed on an intermediate layer in a multi-layered 
package, so that the branching line cannot be adjusted. Therefore, it is 
difficult to improve the characteristics of SAW duplexers. According to 
the first preferred embodiment, the branching lines_820 and 825 can be 
adjusted in length. 

Fig. 12 is a schematic diagram showing an adjusting part 842 of 
the Tx-branching line 825, which can be changed in length, used in the 
SAW duplexer according to the first preferred embodiment, shown in 
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Figs. 2 and 11. In Fig. 12, when Ll02=Ll03=Ll04=lmm and 

L201=L202=L301=L302=0.5mm, the line length between terminals 

1020 and 1021 would be in a range between 0.467mm and 4.0mm. 

Fig. 13 is a schematic diagram showing an actual design of the 
SAW duplexer formed on a piezoelectric substrate, according to the first 
preferred embodiment!!,]] shown in Figs. 2 and 11. In Fig. 13, a 
piezoelectric substrate 501 is mounted on a package 502. The 
transmitting filter 801 is of four-section T type and polarized type, while 
the receiving filter 810 is of six-section k ladder type. The Tx- 
branching line 825 is provided with terminals 841 and 842 having a 
distance line length therebetween of 8.75mm. The Rx-branching line 
820 is provided with terminals 846 and 847 having a distance line 
length therebetween of 5.65mm. Each of the Tx-branching line 825 and 
Rx-branching line 820 includes the length-adjusting portion shown in 
Fig. 12. 

The package 502 and piezoelectric substrate 501 are connected to 
each other with bonding wires to each other . The transmitting filter 801 
is connected at an input terminal 840 with a bonding wire 860, and at 
the output terminal 842 with a bonding wire 861. The receiving filter 
810 is connected at an input terminal 845 with a bonding wire 870, and 
at the output terminal 847 with a bonding wire 871. Bonding wires 862, 
872, 873, 874 and 875 are used to ground terminals of parallel 
resonators in the transmitting and receiving filters 810 and 801. 

According to the conventional SAW duplexer of multi-layered type, 
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it is important to improve accuracy of connecting lines, thickness of each 
layer and arrangement of each layer of substrate in order to maintain a 
high attenuation characteristic. On the other hand, according to the 
above;described first preferred embodiment, it is easy to maintain high 
attenuation characteristic of SAW duplexers. 

According to the first preferred embodiment, in bands of 2110 
MHz and 2170 MHz of the receiving filter 801, insertion losses are 0.77 
dB and 0.35 dB, respectively. Further, the Tx-branehing line 825 and 
Rx-branching line 820 are formed on a piezoelectric substrate, so that 
connecting lines can be shorter. As a result, characteristics of the SAW 
dup lexer, including insertion loss and coupling of transmitting lines, are 
reduced. 

Second Preferred Embodiment 

Fig. 14 is a block diagram illustrating a SAW duplexer according 
to a second preferred embodiment of the present invention. In this 
embodiment the same or corresponding elements to those in the first 
preferred embodiment are represented by the same reference numerals, 
and the same description is not repeated to avoid redundancy. 
According to the second preferred embodiment, Tx-branching line 825 
and Rx-branching line 820 are formed by inductors (inductance coils). 

Fig. 15 is a schematic diagram showing the SAW duplexer 
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according to the second preferred embodiment, shown in Fig. 14. As 
shown in Fig. 15, the Tx-branching line 825 and Rx-branching line 820 
are formed by bonding wires. When a 3.2 nH of inductor (825) is 
serially connected as the Tx-branching line 825, and a 1.8 nH of 
inductor (820) is connected as the Rx-branching line 820 between the 
receiving filter 810 and the ground, characteristics shown in Figs. 16 
and 17 would be are obtained. 

Now, a method for realize a polarized impedance is described. A 
An inductance value L (nH) for a an inductor having height "h", width 
"w" and length "1" and a Q value "Q" are calculated by the following 
equations (6) and (7), where "K" is a constant; " p " is a specific 
resistance and p (Cu) is the specific resistance of Copper^ L(nH) = 
5.08*10-3*l*(Ln(l/(W+h))+1.193+0.2235((W+h)/D (6) 

Q=2.15*10 :5 *(L*W/K*1))*(( p (Cu)/ p )*(flGHz)/2)-» (7) 

Fig. 18 is a table showing specific resistances of metals of Au, Al, 
[[P]] platinum, [[T]] tungsten and [[T]] titanium relative to Cu. Fig. 
19 is a table showing the specification of inductors for branching lines 
825 and 820 used in the SAW dup lexers according to the second 
preferred embodiment^,]] shown in Figs. 14 and 15. In the table shown 
in Fig. 18, column No. 1 shows a shape of an inductor when [[a]] an "L" 
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value of one is provided using Au (gold) as a material. Columns No. 2 
and No. 3 respectively show shapes of inductors when "L" values of 3.2 
nH for the Tx-branching line 825 and 1.8 nH for the Rx-branching line 
820 are provided using Au (gold) as a material for the inductors . 

As shown in Fig. 17, according to the second preferred 
embodiment, the insertion loss for the receiving filter 810 is 0.05 dB less 
than that of the first preferred embodiment!!,]] i however, the 
attenuation amount for the transmitting filter 801 is about 5 dB greater 
than that of the first preferred embodiment. Although, according to the 
second preferred embodiment, the branching lines are formed only by 
inductors, the inductors can be formed on a piezoelectric substrate. 
Further, such inductors can be formed by distributed constant lines. 

Fig. 20 is a schematic diagram showing an actual design of the 
SAW duplexer according to the second preferred embodiment, shown in 
Figs. 14 and 15. In Fig. 20, a piezoelectric substrate 501 is mounted on 
a package 502. The transmitting filter 801 is of a four-section T type 
and polarized type, while the receiving filter 810 is of a six-section k 
ladder type. The Tx-branching line 825 is designed to have an inductor 
value of 3.2nH between a package terminal 890 and an input terminal 
840. The Rx-branching line 820 is designed to have an inductor value of 
1.8nH between a terminal 847 and a package terminal 895. 

The package 502 and piezoelectric substrate 501 are connected to 
each other with bonding wires to each other . The transmitting filter 801 
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is connected at an input terminal with bonding wires 880 and 881, and 
at the output terminal with bonding wire 871. The receiving filter 810 
is connected at an input terminal with a bonding wire 870, and at an 
output terminal with a bonding wire 871. Bonding wires 862, 872, 873, 
874 and 875 are used to ground terminals of parallel resonators in the 
transmitting and receiving filters 810 and 801. Package terminals 896 
and 897 are connecting terminals that are necessary to form a 
branching line L. A package terminal 895 is grounded. 

The inductance 3.2nH of the Tx-branching line L (825) is formed 
by the bonding wires 880 and 881 via the connecting terminal 896. The 
inductance 1.8nH of the Rx-branching line L (820) is formed by the 
bonding wires 882 and 883 via the connecting terminal 897. 

According to the above -described second preferred embodiment, 
branching lines 820 and 825 are formed by bonding wires, so that the 
characteristics can be adjusted easily. 

Third Preferred Embodiment 

Fig. 21 is a block diagram illustrating a SAW dup lexer according 
to a third preferred embodiment of the present invention. As described 
above, the first and second preferred embodiments are generally used 
for improving characteristics of a duplexer in which the transmitting 
band and receiving band are widely separated from each other, such as 
a wide band CDMA. The third preferred embodiment can be used fe* to 
miniaturize a duplexer for an 800MHz band CDMA. The duplexer 
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includes an antenna 1090, an antenna terminal 1080, a transmitting 
filter 1100, a branching circuit (branching line) 1120, a receiving filter 
1110 and a power amplifier 1150. The transmitting filter 1100 is 
connected between the antenna terminal 1080 and a terminal 1101. 
The branching circuit 1120 is connected between the antenna terminal 
1080 and the receiving filter 1110. The power amplifier 1150 and 
receiving filter are connected to terminals 1101 and 1102, respectively. 

In the third preferred embodiment, the branching line 1120 is 
designed to have a width of 0.043 mm, and a length of 17.96 mm. The 
width and length of the branching line 1120 is decided based on a 
condition in which a piezoelectric substrate has a thickness of 0.35mm, 
a film-thickness of 0.4 jli m, a dielectric constant of forty-four and a 
frequency of 836 MHz. 

According to the third preferred embodiment as compared to the 
conventional SAW duplexer, the SAW duplexer can be designed smaller 
in size and have better characteristics. 
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